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BACKGROUND. Metastatic prostate cancer is characterized by the presence of

osteoblastic bone metastases. Bone metastases account for most of the morbidity

from this disease. Inhibition of osteoclast activity with the potent bisphosphonate

zoledronic acid reduces skeletal complications and decreases serum levels of bio-

chemical bone turnover markers compared with placebo. Atrasentan is an inves-

tigational agent that inhibits endothelin-1 receptor, resulting in decreased

osteoblast activity.

METHODS. The effects of atrasentan alone versus combination therapy with atra-

sentan and zoledronic acid were investigated on bone turnover markers in men

with bone metastases from prostate cancer. Forty-four men were randomized to

receive either atrasentan alone or combination therapy, and 33 completed at least

12 weeks of treatment and were included in the primary analysis.

RESULTS. Treatment with the combination resulted in significantly lower serum

levels of N-telopeptide, a marker of bone resorption, compared with treatment

with atrasentan alone. There was no difference between groups in serum levels

of bone-specific alkaline phosphatase, a marker of bone formation, at 12 weeks.

Commonly observed adverse effects were edema, rhinitis, fatigue, and shortness

of breath, most of which were NCI CTC (version 3.0) Grade 1. No Grade 4 or 5

treatment-related toxicities were observed. There was minimal clinical efficacy,

with no objective responses and only 1 prostate-specific antigen (PSA) response.

CONCLUSIONS. There is no evidence for additive or synergistic effects of combina-

tion therapy with atrasentan and zoledronic acid on bone turnover markers in

men with metastatic prostate cancer. Cancer 2006;107:530–5.

� 2006 American Cancer Society.
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M etastatic prostate cancer is a leading cause of morbidity and

mortality among men worldwide. In the US, more than 30,000

deaths annually are attributed to prostate cancer, and almost all

occur in men with hormone-refractory prostate cancer (HRPC).1

Skeletal complications are the major cause of morbidity, including

pain, skeletal fractures, requirement for opiate analgesics, and the

need for palliative radiation or surgical intervention.

Most bone metastases from prostate cancer appear osteoblastic by

radiographic imaging with characteristic excess new bone formation.

The biology of bone metastases from prostate cancer, however, is more

complex than suggested by their radiographic appearance. Histomor-

phometric analyses of bone metastases demonstrate increased number

and activity of both osteoblasts and osteoclasts. In addition, biochemical
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markers of osteoblast and osteoclast activity are mark-

edly increased in the serum and urine ofmenwithmeta-

static prostate cancer. Elevated biochemical markers of

osteoblast and osteoclast activity are associated with

greater risk of skeletal complications, disease progres-

sion, and death in men with hormone-refractory meta-

static prostate cancer.2,3 Serial measurements of bone

turnover markers may provide a convenient method for

evaluating the efficacy of bone-targeted therapy.

Zoledronic acid is a potent bisphosphonate that

inhibits normal and pathologic osteoclast activity in

bone. Zoledronic acid is approved for the treatment of

patients with bone metastases from solid tumors,

including HRPC. In a large randomized controlled trial

of men with HRPC and bonemetastases, zoledronic acid

decreased the rate of skeletal complications and ex-

tended the median time to first skeletal-related event

comparedwith placebo.4 Comparedwith baseline, serum

bone alkaline phosphatase decreased by approximately

20% and urinary N-telopeptide decreased by approxi-

mately 70% after 12 weeks in the zoledronic acid group.

No significant changes were noted in quality of life, and

the study was not designed to evaluate effects of zoledro-

nic acid on survival. Placebo-controlled trials with other

bisphosphonates, including pamidronate and clodro-

nate, have failed to demonstrate improvement in quality

of life, pain scores, skeletal events, or survival in prostate

cancer.5,6

Endothelin-1 (ET1) is a secreted protein with a

potent vasoconstrictive effect, found in the highest

concentrations in seminal plasma.7 ET1 exerts its

effects through 2 receptors, ETa and ETb. In cancer cell

lines and tissue, ETa expression appears to be up-regu-

lated, and in animal models of prostate cancer ETa

inhibitors block the osteoblastic response to metastatic

prostate cancer.8,9 Additionally, in bone metastases

from prostate cancer, osteoblasts demonstrate high-

level expression of ETa.10 Thus, ET1 signaling through

ETa is likely to contribute to increased osteoblastic

activity, and inhibition of this pathway may attenuate

this increased activity in men with metastatic HRPC.

Atrasentan (ABT-627) is an investigational, highly

selective, inhibitor of the ETa receptor. Phase I clinical

trials suggested a favorable safety profile, and the most

common adverse effects were headache, rhinitis, per-

ipheral edema, and asthenia.11,12 Phase II studies in

prostate cancer suggested that atrasentan had modest

clinical activity, with statistically significant improve-

ment in time to disease progression, time to prostate-

specific antigen (PSA) progression, and changes in bone

turnover markers compared with placebo.9,13 Men with

metastatic HRPC treated with placebo exhibited a con-

tinued increase in bone alkaline phosphatase (BAP), a

marker of osteoblast activity, and N-telopeptide (NTX),

a marker of osteoclast activity. Treatment with atrasen-

tan blocked the increase in BAP and, to a lesser extent,

attenuated the increase in NTX.

In xenograft models of prostate cancer cells secret-

ing ET1, mice treated with atrasentan plus zoledronic

acid demonstrated significantly less tumor burden and

lower PSA levels than mice treated with either agent

alone.14 This observation suggests that combination

therapy with osteoblast and osteoclast inhibitors may

have additive or synergistic effects.

In this study, we evaluated therapy with atrasentan

alone versus combination therapy with atrasentan and

zoledronic acid in men with hormone-refractory meta-

static prostate cancer. The primary study endpoint was

the difference between the 2 groups of men in bone for-

mation and resorption markers after 12 weeks of treat-

ment. Secondary endpoints included safety and clinical

response to treatment in each group.

MATERIALS AND METHODS
Subjects
Subjects were recruited from the Massachusetts General

Hospital Cancer Center and the Dana-Farber Cancer

Institute between December, 2001, and June, 2004. All

subjects had histologically confirmed adenocarcinoma

of the prostate, either history of bilateral orchiectomy

or ongoing treatment with gonadotropin-releasing

hormone (GnRH) agonist therapy, radiographically

documented bone metastases, and disease progression

according to criteria from the PSA Working Group.15

Men with Paget disease, hyperthyroidism, hyperpar-

athyroidism, Cushing disease, hyperprolactinemia, car-

diovascular disability of New York Heart Association

(NYHA) �Class 2, or chronic renal insufficiency (serum

creatinine >2.0 mg/dL) were excluded. Men were also

excluded if they had received atrasentan or zoledronic

acid within 12 months. They may not have received

chemotherapy, palliative radiation therapy, estrogens,

steroids, or PC-SPES within 6 weeks, and may not have

received radionuclides or bisphosphonates within 12

weeks of study entry. Other investigational agents were

not permitted during the study period.

Study Design
In this randomized Phase II trial, men were ran-

domly assigned to treatment with atrasentan (Abbott

Laboratories, Abbott Park, IL) alone (Group 1), or

combination treatment with atrasentan and zoledro-

nic acid (Group 2). After 12 weeks, men in each group

who continued on study were treated with combina-

tion therapy.

Atrasentan was administered by mouth, once

daily, at 10 mg per day. There were no dose adjust-
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ments for atrasentan. Men experiencing treatment-

related NCI CTC (version 3.0) Grade 3 adverse effects

were discontinued from the study. For men who

developed Grade 2 toxicity related to drug, atrasen-

tan was held until toxicity improved to �Grade 1.

Zoledronic acid was administered intravenously

over 15 minutes every 4 weeks. For men with baseline

serum creatinine <1.4 mg/dL at study entry, an

increase of 0.5 mg/dL above baseline required holding

the dose until the creatinine returned to no more than

10% above baseline. For men with baseline creatinine

>1.4 mg/dL, an increase of 1.0 mg/dL above baseline

required holding the dose until creatinine returned to

no more than 10% above baseline. As with atrasentan,

men experiencing treatment-related Grade 3 adverse

effects were discontinued from the study, and men who

developed treatment-related Grade 2 toxicity had zole-

dronic acid held until toxicity improved to �Grade 1.

At the time of screening, assessments included

serum PSA, testosterone, routine blood chemistry and

hematology, bone scan, and abdominal and pelvic CT

scan. At Weeks 0, 2, 4, and then every 4 weeks, assess-

ments included serum PSA, routine blood chemistry

and hematology, and bone turnover markers (BAP and

NTX). At Week 12 subjects also underwent bone scan

and abdominal and pelvic CT scan. Serum samples

collected for BAP and NTX were stored at –208C and

subjected to batch analysis at the conclusion of the

study.

Men who demonstrated clinical disease progres-

sion before crossover at 12 weeks were removed from

the study and were not included in the primary ana-

lysis at 12 weeks. After crossover, men were allowed

to continue on study treatment until clinical or radio-

graphic disease progression.

Reasons for discontinuation of treatment included

clinical disease progression, requirement for additional

anticancer therapy, any Grade 3 treatment-related ad-

verse event, or withdrawal of consent. Men with radio-

graphic disease progression who did not meet any

of these criteria were allowed to continue study treat-

ment.

The study was reviewed and approved by the

Institutional Review Board of the Dana Farber/Har-

vard Cancer Center, and all subjects provided written

informed consent.

Study Outcomes
Serum concentrations of BAP and NTX were mea-

sured in the core laboratory for the Massachusetts

General Hospital General Clinical Research Center.

Samples for all subjects were analyzed at the same

time. Serum BAP concentrations were measured by

enzyme immunoassay with a sensitivity of 0.5 U/L

and intra- and interassay coefficients of variation of

3.5% and 6.5%, respectively (Metra Biosystems,

Mountain View, CA). Serum NTX concentrations

were measured by enzyme immunoassay with a sen-

sitivity of 0.5 nM BCE and intra- and interassay coef-

ficients of variation of 5.5% and 3.6%, respectively

(Osteomark, Ostex International, Seattle, WA). The

normal ranges (mean 6 2 SD) for BSAP and NTX

were 15.0 to 41.3 U/L and 5.4 to 24.2 nM BCE,

respectively. Serum concentrations of hemoglobin,

PSA, and alkaline phosphatase were measured at the

Massachusetts General Hospital or Dana Farber Can-

cer Institute clinical laboratories.

Statistical Analyses
The primary objective of the study was to evaluate

differences in BAP and NTX between the 2 groups

after 12 weeks of therapy. Secondary endpoints in-

cluded safety and PSA response. With a 2-sided Wil-

coxon rank sum test with alpha ¼ 0.05 and 19 evaluable

subjects per group, the study was designed to have

80% power to detect a 1 SD difference (of change

in BAP) between the 2 groups. Comparison between

groups was calculated using 2-sided t-tests and

P-values less than 0.05 were considered statistically

significant.

RESULTS
Subject Characteristics
Forty-four men were randomly assigned to either

atrasentan alone (n ¼ 22) or combination therapy

with atrasentan and zoledronic acid (n ¼ 22). Char-

acteristics of men assigned to atrasentan alone and

men assigned to combination therapy were similar

(Table 1). There were no significant differences

between the 2 groups with regard to baseline age,

TABLE 1
Subject Characteristics

Atrasentan
Atrasentan +
zoledronic acid

Number of subjects (n) 22 22

Age

Mean 75.6 72.7

Range 54–88 56–88

Baseline PSA, ng/ml

Median 90.1 51.5

Range 1.1–1808 7.4–2412.0

Serum alkaline phosphatase, U/L

Median 160 96

Range 54–1069 61–667

Mean hemoglobin, g/dL 13.1 6 1.4 12.9 6 1.9

PSA indicates; prostate-specific antigen.
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serum PSA, serum alkaline phosphatase, or mean hemo-

globin (Table 1).

Eleven subjects discontinued the study before 12

weeks: 2 withdrew consent before treatment, 2 with-

drew for treatment-related toxicity, and 7 experienced

disease progression requiring additional therapy. Thirty-

three subjects (18 in Group 1, 15 in Group 2) com-

pleted at least 12 weeks of treatment and were included

in the primary analysis. All subjects who received treat-

ment were evaluated for toxicity.

Biochemical Markers of Bone Turnover
Biochemical markers of bone turnover were assessed at

baseline, Week 2, Week 4, Week 8, and Week 12 (Fig. 1).

Changes in serum BAP levels did not differ significantly

between the atrasentan and combination therapy

groups. Mean (6SE) serum BAP decreased by 9.2 6
6.8% in the atrasentan group and by 12.2 6 7.7% in the

combination therapy group (P ¼ .77 for between-group

comparison). In contrast, changes in serum NTX levels

differed significantly between the groups. Mean serum

NTX increased by 32.4 6 14.5% in the atrasentan group

and decreased by 34.4 6 6.9% in the combination ther-

apy group (P< .001 for between-group comparison).

Disease Progression
Median duration of therapy was 16 weeks for the

atrasentan group (range, 2–80þ) and 12 weeks

(range, 2–39) for the combination therapy group.

Most subjects in both groups had radiographic evi-

dence of disease progression by scheduled bone scan

at 12 weeks (Table 2). Using criteria of the PSA Work-

ing Group, only 1 subject had a PSA response. The

solitary responder was in the atrasentan group. His

serum PSA declined from 32.4 ng/mL at baseline to

<0.2 ng/mL within 5 months. In this subject, BAP

had declined by 65% at 12 weeks, the largest decline

seen for any subject. He remains on study after more

than 18 months.

Adverse Events
Two men in the study, 1 in each group, experienced

Grade 3 edema and dyspnea and stopped therapy

due to these events. Symptoms promptly improved

in these 2 men after cessation of therapy. There were

no Grade 4 or 5 treatment-related toxicities. Two

serious adverse events, myocardial infarction and

gastrointestinal bleed, were considered unrelated to

treatment.

The majority of adverse events were Grade 1,

and did not require treatment modification. The most

common treatment-related adverse events were edema,

rhinitis, fatigue, and shortness of breath (Table 3).

There were no notable differences between the groups

FIGURE 1. (A) Change in bone alkaline phosphatase (BAP) from baseline
to Weeks 2, 4, 8, and 12 in each group. (B) Change in N-telopeptide (NTX)

from baseline to Weeks 2, 4, 8, and 12. The P-values are for comparison of

baseline to Week 12 between the groups.

TABLE 2
Clinical Efficacy

Best Response No. (%)

Group 1 (atrasentan)

PSA response 1 (5)

Stable disease* 3 (14)

Disease progression 16 (73)

Not evaluable 2 (9)

Group 2 (atrasentan and zoledronic acid)

PSA response 0

Stable disease* 3 (14)

Disease progression 16 (73)

Not evaluable 3 (14)

PSA indicates prostate-specific antigen.

* Stable disease defined as no evidence of response, and no prostate-specific antigen (PSA) or radio-

graphic disease progression at 12 weeks.
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with regard to toxicity, with the exception that myalgias,

bone pain, and fever were more common in Group 2

and likely related to zoledronic acid. Edema was more

frequent in Group 1 than in Group 2, but there was no

significant difference between groups in Grade 2 or 3

edema.

DISCUSSION
We evaluated the effects of combination therapy with

atrasentan and zoledronic acid on biochemical mar-

kers of osteoblast and osteoclast activity in men with

hormone-refractory metastatic prostate cancer. Com-

pared with atrasentan alone, combination therapy

significantly decreased serum N-telopeptide, a mar-

ker of osteoclast activity, but did not change serum

bone alkaline phosphatase, a marker of osteoblast

activity. Minimal clinical efficacy was seen, with no

objective responses in either group and 1 responder

by PSA criteria in the atrasentan alone group. Com-

mon adverse effects related to treatment included

edema, rhinitis, and fatigue.

In a randomized controlled trial of 288 men with

hormone-refractory metastatic prostate cancer, subjects

were assigned to placebo, 2.5 mg, or 10 mg of daily atra-

sentan.13 Among evaluable patients, there was a signifi-

cant difference in time to progression between the 10-

mg atrasentan group and the placebo group (196 days

vs. 129 days, P ¼ .02). There was also a significant

improvement in time to PSA progression (155 days vs.

71 days, P ¼ .002). Marker analysis demonstrated that

atrasentan attenuated the rise in serum BAP and urinary

NTX associated with placebo treatment.9 Compared

with baseline, however, atrasentan did not significantly

decrease levels of either marker.

In a randomized controlled trial of 639 men with

hormone-refractory metastatic prostate cancer, zoledro-

nic acid significantly decreased both serum bone alka-

line phosphatase and urinary N-telopeptide compared

with placebo.4 Compared with baseline, serum bone

alkaline phosphatase decreased by approximately 20%

and urinary N-telopeptide decreased by approximately

70% after 12 weeks in the zoledronic acid group.

In our subjects, combination therapy signifi-

cantly reduced biochemical markers of bone resorp-

tion but not bone formation. This study did not

include a group of subjects treated with zoledronic

acid alone. Similar subjects treated in the large ran-

domized trial of zoledronic acid manifested similar

changes in biochemical bone turnover markers. By

contrast, treatment with atrasentan alone in our study

had no measurable effect on biochemical markers of

either bone formation or bone resorption. Taken

together, these results provide no evidence of an

additive or synergistic effect of atrasentan and zole-

dronic acid on bone metabolism.

Our results appear to differ from results of combi-

nation therapy in animal models.14 Nude mice inocu-

lated with prostate xenograft cells secreting ET-1

developed osteoblastic bonemetastases. Treatment with

atrasentan or zoledronic acid alone decreased osteo-

blastic metastases and did not reduce PSA. Treatment of

these mice with combination atrasentan and zoledronic

acid resulted in significantly decreased osteoblastic

metastases compared with either treatment alone, as

well as decreased PSA concentrations and reduced

tumor burden by histomorphometry. The endothelin

pathway may not play as critical a role in human pros-

tate cancer as in this endothelin-driven animal model.

Alternatively, other pathways may exhibit redundant

effects and overcome endothelin inhibition.

Our study is limited by its small size, and it may have

been underpowered to detect small additive effects of

combination therapy. In men with hormone-refractory

metastatic prostate cancer, biochemical markers of bone

metabolism are associated with clinical outcomes includ-

TABLE 3
Adverse Events

Grade 1 Grade 2 Grade 3

Group 1 (atrasentan)

Fatigue 8 2

Rhinitis 14

Shortness of breath 5 3 1

Joint pain

Headache 4 1

Edema 12 5 1

Fever 1

Muscle pain 2

Bone pain 3

Dry eyes 1

Cough

Nausea 1

Diarrhea 3

Group 2 (atrasentan and zoledronic acid)

Fatigue 6 2

Rhinitis 9 2

Shortness of breath 2 2 1

Joint pain 3

Headache 2

Edema 4 3 1

Fever 2 1

Muscle pain 4

Bone pain 2

Dry eyes 3 1

Cough

Nausea 2

Diarrhea 1

Pleural effusion 1
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ing skeletal related events, disease progression, and

death.2,3 The lack of an additive or synergistic effect on

bonemetabolism, however, does not exclude the possibi-

lity that combination therapy with atrasentan and zole-

dronic acid may improve some clinical outcomes.

We found that treatment with atrasentan resulted

in adverse effects similar to those described in prior

studies, without the typical side effects associated

with cytotoxic chemotherapy. The most common

adverse events were rhinitis, edema, and fatigue. Two

men, 1 from each group, were removed from the

study due to dyspnea and edema that were consid-

ered to be treatment-related. However, the primary

reason for removal from study was clinical disease

progression, and median duration of treatment was

brief. There was 1 PSA response in a man with meta-

static HRPC, and we did not identify any baseline

characteristics that distinguished him from other men

in the study. This study was not powered to deter-

mine clinical efficacy. Unpublished Phase III clinical

trials that have been completed with this investiga-

tional agent in metastatic prostate cancer will shed

further light on its clinical activity.16–18

In summary, we observed no evidence of a

synergistic effect between atrasentan and zoledronic

acid in this study. However, the rationale behind dual

inhibition of both osteoblasts and osteoclasts re-

mains compelling. There may be enough redundancy

in osteoblast stimulation that blockade of the endothe-

lin pathway alone is insufficient to reduce pathologic

osteoblast activity. Important cytokines include not

only endothelins, but also insulin-like growth factors,

bone morphogenetic proteins, receptor activator of

NF-kB ligand (RANKL), tumor necrosis factor (TNF)

family members, and others.19 The continued in-

crease in BAP that we observed in men in this study

suggests that osteoblast activity was not adequately

blocked. Thus, a combination of osteoblast inhibi-

tors, or identification of downstream targets that are

common to multiple stimulatory pathways, may be

necessary to achieve this goal. Development of addi-

tional osteoclast-targeted therapy, such as agents that

inhibit the RANKL pathway, is continuing as well.

Future studies with effective, multitargeted, bone-

specific therapy are needed as part of ongoing efforts

to reduce morbidity and mortality from metastatic

prostate cancer.
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